Introduction
Since their introduction in the 1960s, silicone prosthetics have been a mainstay in breast augmentation and reconstruction procedures. These devices carry the potential complication of rupture from either trauma or time-related decay. Silicone liquid can escape as the prosthetic shell weakens affecting the surrounding breast tissue. It has a tendency to spread and migrate due to its high fat solubility. The exact prevalence of rupture is unknown, but is likely underestimated as it can be asymptomatic [1] . Silicone granuloma (or siliconoma) describes the inflammatory physiological response to free liquid silicone that occurs in some patients. Winer et al. first described the histopathology of a siliconoma as [2] : "degenerated anuclear stroma resembling necrobiosis of fibrous connective tissue surrounded by many irregular, oval, clear spaces or cavities. In other areas, this intervening stroma is invaded by a dense infiltrate consisting of lymphocytes, plasma cells, and histiocytes. Some of the clear spaces are lined by a single layer of nucleated cells, which are syncytial giant cells. Other clear spaces contain foreign body giant cells."
This description came from a patient who received cosmetic injections of liquid silicone. Legitimate medical providers abandoned this practice shortly after its complications came to light, though cosmetic injection is still performed illicitly in some countries. While silicone prosthetics are much safer, the pathological response following implant rupture is identical. Siliconomas can occur locally, manifest as lymphadenopathy, or present at a distant site due to migration of free. If neglected, siliconomas can create a firm mass, cause local tissue destruction, ulceration, scarring, and nerve damage [1] .
This reaction to free silicone has been described in various types of prosthetic devices. However, involvement of breast implants brings up significant concern due to the burden of breast cancer in the modern healthcare environment. Any new breast mass causes modest to severe concern for cancer depending on the clinical context. While silicone granulomas have characteristic diagnostic features on imaging, their appearance may also mimic malignancy [3] [4] [5] [6] [7] [8] .
We present a case report of a large breast siliconoma and perform a comprehensive review of the English literature. We highlight the diagnostic challenges related to this uncommon presentation. The work has been done in line with the SCARE criteria [9] .
Case report
In 2012, a 66-year-old female presented for mammographic evaluation of a left breast mass that had been growing and hardening over years. She described a history of breast augmentation with silicone implants in the 1980s as well as bilateral re-implantation with saline prosthetics years later due to previous implant rupture. Her mammogram revealed an abnormal density superior to her left breast implant, but the study was limited due to motion. A concurrent ultrasound exam was inconclusive, and a follow up MRI study was recommended to the patient.
The patient received a non-contrast MRI about 9 months later due to concern for implant rupture (Fig. 1) . This study showed an 11 × 12 × 13 cm mass in the outer half of her left breast that displaced her implant medially. Both implants appeared intact. She also had left axillary lymphadenopathy. The radiologist interpreted this exam as BI-RADS category 5, highly suggestive of malignancy. An ultrasound-guided biopsy of her left breast done several days later showed only benign fibrinous debris. Due to concern over discordant imaging and biopsy results, she had a repeat MRI done about a month later. This study was performed with contrast to better evaluate the presence of malignancy and need for a repeat biopsy.
The second MRI again showed the 13 cm encapsulated complex mass in the outer half of the left breast (Fig. 2) . The mass predominantly did not enhance, suggesting a large component to be hematoma. However, the posteroinferior periphery of the mass demonstrated extensive frond-like contrast enhancement highly concerning for malignancy (also BI-RADS 5). Her previously seen left axillary node was re-visualized. A re-biopsy of her left breast lesion was again recommended, however, the patient was lost to follow up for several years.
The patient presented again 5 years later to our institution, now 71 years of age. She described continued growth of her left breast over the past year with significant associated pain. She also stated that her left implant "fell out" on its own. On exam, a fungating mass with extensive ulceration occupied her medial left breast. The mass was large, firm and malodourous (Fig. 3) . With a presumptive diagnosis of neglected breast cancer, she received several studies while hospitalized. A chest, abdomen, and pelvis CT with contrast showed her left breast mass to now measure 23 × 15 cm (Fig. 4) . The mass was partially calcified with ulceration along its medial margin. It appeared to invade her pectoralis muscle, several intercostal muscles, and her 4th and 5th ribs. She had several prominent axillary lymph nodes on the left side. The remaining CT was largely unremarkable with no convincing evidence of distant metastases. She also had a bone scan and brain MRI around this time, neither of which had evidence of metastasis. A biopsy of her left breast yielded amorphous, acellular eosinophilic material with dystrophic calcifications interpreted as possible old necrosis or fibrin deposition. Another biopsy done about a week later had similar results, also without definitive evidence of cancer.
With both active infection of her breast as well as continued pain, she needed the mass removed regardless of its etiology. An extensive modified radical mastectomy with axillary lymph node dissection was performed with final closure of the wound several days later. The final pathology of her breast mass (23.0 × 21.3 x 10.8 cm) demonstrated gross and microscopic changes consistent with ruptured silicone implant and subsequent hematoma, abscess, and skin ulceration; negative for malignancy (Fig. 5) . Her nine dissected lymph nodes were reactive with additional soft tissue nodules and changes of silicone involvement; also negative for malignancy. The patient tolerated the procedure well and had an uneventful recovery.
Discussion
This patient's clinical course was convoluted by her presentation to multiple providers over the years, lack of follow up, and diagnostic uncertainty towards her lesion. The mass was fungating and ulcerated with active infection resembling an advanced neglected tumor. Because fibrosis and hematoma comprised much of her breast lesion, the siliconoma aspect was missed until the final pathology results came back after surgery. The absence of metastases despite the size of the lesion and the 5-year delay in treatment makes malignancy less likely but it should not be excluded. Nev- Fig. 4 . Current CT scan. The implant has been extruded and a large heterogeneous mass is seen. CXR -Chest X-ray, LAD -Lymphadenopathy, SG -Silicone Granuloma, US -Ultrasound, MRI -Magnetic Resonance Imaging. ertheless, this case provides a prime example of how neglected silicone granuloma can mimic breast cancer, sparking an extensive workup with eventual surgery. It is essential to understand the utility and limitations of various imaging studies for evaluating siliconomas. Implant rupture may appear on mammography, however, dynamic contrast-enhanced MRI is the optimal modality to assess for rupture and siliconoma formation. An MRI should be done for every patient with implants who presents with a breast or axillary mass (6, 10) . Typical MRI findings for siliconomas include evidence of implant collapse with free silicone particles outside the prosthetic shell and in the tissue surrounding the fibrous shell that forms around the implant. These findings in the context of rupture can reliably diagnose siliconoma and exclude malignancy [10, 11] . Contrast enhancement of siliconomas on MRI is atypical but occurred in our patient and another reported by Grubstein et al. [6] . Sonographic evaluation of siliconomas may reveal echogenic lesions with a "snowstorm" appearance, however, findings may be nonspecific. The use of PET CT for oncological surveillance in patients with siliconomas may yield false-positive results; the inflammatory cells of silicone granulomas have increased FDG uptake from avid glycolysis (3, 5, and 8) .
Pathological tissue specimens remain the gold standard for diagnosis of siliconomas. Biopsy was the final diagnostic step for many patients in our literature review. However, sampling error is always a concern. Multiple biopsies were not sufficient to rule out cancer in our patient given her imaging results. A personal history of breast cancer may also warrant further workup for patients with a negative biopsy [12] .
There are no established guidelines for management of silicone granuloma, though excluding malignancy is paramount. What to do afterwards depends on severity of symptoms and patient preferences. Surgical removal is the only definitive method of relieving symptoms and avoiding future complications. Patients may prefer to forgo surgery for minimally or asymptomatic lesions [13] . However, surgical removal of siliconomas also prevents their obfuscation of future cancer screening and workup [10] . Thus, a patient's risk for developing breast cancer should factor into their decision. Previous literature raised the question of whether siliconomas promote carcinogenesis or other systemic inflammatory diseases, however, not enough evidence exists to conclusively address the issue [11] . While diagnosis of siliconoma requires a high index of suspicion, greater awareness of their presentations and complications may prevent unnecessary tests and interventions in appropriate patients.
A comprehensive literature review was performed using PubMed and MEDLINE to include all cases of siliconomas mimicking breast cancer (Table 1) . 13 cases were identified including this one [4, [6] [7] [8] [11] [12] [13] [14] [15] [16] . Siliconomas developed 4 weeks to 16 years following rupture. The most common presentation was a breast or axillary mass (9 patients, 69.2%). The remaining patients presented with pain or were diagnosed during surveillance imaging studies. A core needle biopsy was attempted in most cases but was only successful in obtaining a histologic diagnosis two-thirds of the time. Four patients underwent a PET scan and all 4 were falsely positive.
Conclusion
Siliconomas develop as a result of implant rupture and present with many of the signs and symptoms of breast cancer. The majority of patients will develop a painless breast or axillary mass. Others will have pain or be diagnosed incidentally during surveillance imaging. MRI is the preferred study for diagnosis and to rule out cancer although this is frequently very difficult. PET scans can be falsely positive and core needle biopsies can be inconclusive. The majority of patients should undergo surgery due to symptoms or the inability to rule out cancer.
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